Abscisic acid (ABA) was quantitated by enzyme-linked immunosorbent assay (ELISA) in water-stressed leaves from control apple seedlings, and also from apple seedlings treated for 28 days with paclobutrazol (12RS, 3RSI-144-chlorophenyll-4,4-dimethyl-2-11,2,4-triazol-1-ylI pentan-3-ol).
The accumulation ofABA in the leaves ofwater-stressed plants has been shown by numerous investigators (12, 18, 22, 23) . Our previous reports showed that the accumulation of water stressinduced 1 -aminocyclopropane-1 -carboxylic acid, 1 -(malonylamino)cyclopropane-l-carboxylic acid, ethylene production, and polyamines also occurred in water-stressed apple leaves, but these increases were prevented by the treatment with the plant bioregulant ([2RS, 3RS]-l-[4-chlorophenylJ-4, 4-dimethyl-2-[ 1,2,4-triazol-1-yl] pentan-3-ol)(paclobutrazol; PP333)2 (19) .
Paclobutrazol is a triazol derivative (4, 10) and has been shown to inhibit shoot growth of apple trees (4, 16, 21) . Coolbaugh et al. (2, 3) showed that ancymidol, another growth retardant, blocks with high specificity the oxidative steps leading from entkaurene to ent-kaurenoic acid in the pathway ofGA biosynthesis. The same oxidative steps are thought to be inhibited by the active triazol derivatives (10) . Paclobutrazol has also been reported to inhibit GA biosynthesis in plants by inhibiting kaurene oxidase, a Cyt P-450 oxidase, thus blocking the oxidation of kaurene to kaurenoic acid (6, 9) . The growth inhibitory activity of paclobutrazol can be reversed by GA3 (16, 21) . Recently, Norman et al. (13) reported that paclobutrazol inhibited ABA biosynthesis in Cercospora rosicola. Since the levels ofABA increase markedly following water stress, the present study was (3 times) . Hexane was added to the buffer saturated ethyl acetate fraction to make a hexane/ethyl acetate ratio of 7:3. After centrifugation at 1000 rpm for 5 min, the water layer at the bottom of the tube was discarded. The supernatant was passed through a 'Baker'-10 SPE 3ml column prepacked with 'Mention of a trademark, proprietary product, or vendor does not constitute a guarantee or warranty of the product by the United States Department of Agriculture, and does not imply its approval to the exclusion of other products or vendors that may be suitable.
Plant Physiol. Vol. 84, 1987 and higher masses were normalized to the strongest ion in each set of ions. In addition to using GC-EIMS-SIM, Me-ABA was further confirmed by methane positive ion CI (12) with a 15 m SE 30 fused silica glass capillary column interfaced to an Extrel ELTQ 400-3 mass spectrometer. Initial column temperature was 150°C for 1 min and then programmed at 30°C/min to 250C. Temperature of GC injector was 275°C. Ultrapure He was used as a carrier gas at a flow rate of 1 ml/min. Me-ABA was quantitatively estimated with a Hewlett-Packard 5880 GC equipped with a 63Ni EC detector (7, 11, 17) and a fused silica capillary column (methyl silicone fluid, 12.5 m x 0.2 mm). The GC-MS qualitative validation was performed on the same sample which was used for ELISA, lettuce seed bioassay, and GC-EC.
Enzyme-linked Immunosorbent Assay (ELISA). Monoclonal antibody (IgG,) was used for the detection and quantitation of endogenous ABA in apple leaves during water stress (20) . The procedure used was described by Idetek (14) . Each well in a polystyrene plate (96-well) was coated with monoclonal antibody IgG,. One hundred Al of the diluted, purified silica column samples or ABA standard solutions (0.0 to 2.0 pmol and along with a 100 pmol of ABA for nonspecific binding) were added to each well. This was followed by 100 Al ofdiluted enzyme (alkaline phosphatase) conjugated ABA. The mixtures were incubated for 3 h at 4°C. The plates were then decanted and rinsed with water (3 times). The activity of the enzyme-ABA conjugate bound to the polystyrene-adsorbed antibodies was then determined using p-nitrophenyl-P as substrate. The enzyme reaction was allowed to proceed at 37°C for 1 h and was stopped with 50 IAl of 1 M KOH per well. After waiting for 5 min, the readings were taken at 405 nm. Calculations were done as described (14, 20) . (Table I ). The methane positive ion of CIMS of Me-ABA from apple leaves extract was plotted in Figure  1 and was similar to that reported by Netting et al. (12) . The The R, value (R, = 0.8) which showed the most inhibitiory activity in lettuce seed bioassay from the purified silica column tissue extract separated by paper chromatography coincided closely with that of synthetic ABA (data not shown). Based on above information, our results indicate that the inhibitory compound from apple leaf extracts was indeed ABA.
PACLOBUTRAZOL INHIBITS WATER STRESS-INDUCED ABA
ABA Content in Apple Leaves. In apple leaves, water stress substantially increased ABA accumulation as quantitatively estimated by the ELISA and qualitatively validated by GC-MS (Fig. 2) . ABA content increased progressively with increasing water stress. A rise in the level of ABA in plant tissues subjected to water stress has also been demonstrated in a number of other species (7, 12, 18, 22, 23) . However, both control (nonstress) and water stress-induced ABA could be suppressed by paclobutrazol treatment (Fig. 2) . In untreated apple leaves, when water loss reached 30% of the initial fresh weight, ABA accumulated in excess of 2 times that produced by nonstressed untreated leaves, whereas in the paclobutrazol-treated leaves, ABA was reduced to circa two-thirds of nonstress leaves, and showed only a slight increase during water stress. A comparison of quantitative estimates of ABA in the plant extracts by ELISA, GC-EC, and the lettuce seed bioassay is shown in Table II . A good correlation was found between results obtained from ELISA and GC. A similar correlation for these methods was reported by Leroux et al. (11) . The lettuce seed bioassay had the greatest variation.
When water loss reached 20% of the initial leaf fresh weight, the amounts of ABA in the untreated apple leaves were calculated to be 1.82, 1.77, and 1.65 nmol/g of original fresh weight by ELISA, GC-EC, and lettuce seed bioassay, respectively. Since an external standard of authentic ABA was used for calculations of recovery, the absolute ABA values from experimental tissue may differ from calculations based on the use of an internal standard. Nonetheless, we have demonstrated that a relative difference in ABA levels occurred between paclobutrazol-treated and nontreated water-stressed tissues.
Creelman and Zeevaart (5) found that one of the oxygens in the carboxyl group of the rapidly formed ABA in water-stressed leaves of Xanthium strumarium was derived from molecular oxygen, implying that either the oxygen atoms present in the ABA arise from water or the oxygen atoms already present in a stored precursor which is converted to abscisic acid under water stress condition. Recently, it was reported (13) that paclobutrazol blocked the ABA biosynthetic pathway in Cercospora rosicola at a point after farnesyl pyrophosphate. However, the oxidation at the 4' -position of (2Z,4E)-a-ionylideneacetic acid was not prevented in the presence of the paclobutrazol (13) . Dalziel and Lawrence (6) also reported that paclobutrazol was a potent inhibitor of kaurene oxidase in the GA biosynthetic pathway in pea apices. The decrease of ABA content in paclobutrazoltreated, apple seedling leaves could thus also be due to the blocking of one or more oxidation steps in the ABA biosynthetic pathway by paclobutrazol. Since paclobutrazol had presumably been inhibiting ABA biosynthesis for at least several weeks, it is also not clear whether the marked reduction in water stressinduced accumulation of ABA is due to a block of newly synthesized ABA, or to an appreciably lowered pool of an immediate precursor, or conjugate (e.g. ABA glucosyl ester). Further research is warranted to clarify this relationship.
